Abhirosh Chandran (corresponding author) Visiting Researcher, Prevalence of faecal indicator bacteria, Escherichia coli and pathogenic bacteria, Vibrio cholerae, Vibrio parahaemolyticus and Salmonella were analysed in Vembanadu lake (9835 0 N 76825 0 E), along south west coast of India for a period of one year from ten stations on the southern and northern sides of a salt water regulator constructed in Vembanadu Lake in order to prevent incursion of seawater during certain periods of the year. While the northern side of the lake has a connection to the sea, the southern side is enclosed when the salt water regulator is closed. The results revealed the water body is polluted with high faecal coliform bacteria with mean MPN value ranging from 1718-7706/100 ml. E. coli, V. cholerae, V. parahaemolyticus and Salmonella serotypes such as S. paratyphi A, B, C and S. newport were isolated and this is the first report on the isolation of these Salmonella serovars from this lake. E. coli showed highest percentage of incidence (85.6-86.7%) followed by Salmonella (42-57%), V. choleare (40-45%) and V. parahaemolyticus (31.5-32%). The increased prevalence of indicator and pathogenic bacteria in the enclosed southern part of Vembanadu Lake may be resulting from the altered flow patterns due to the salt water regulator.
INTRODUCTION
Environmental pollution, a potential global problem, has rendered waters along the coastline and recreational beaches unsatisfactory for public use. Population explosion and inadequate infrastructure to properly treat and dispose of the sewage, lack of sanitary condition, poverty and over exploitation of natural water has resulted in the discharge of considerable quantities of untreated waste into the natural waters. This organic pollution is especially severe in the coastal waters due to the large density of inhabitants in coastal areas (Scialabba 1998) . Direct discharge of domestic waste, leaching from poorly maintained septic tanks, and improper management of farm waste are suspected as the major sources of waterborne disease (Huttly 1990) .
Sewage effluent contains a wide range of pathogenic microorganisms which may pose a health hazard to human population when they are discharged into the recreational waters (Borrego & Figueras 1997) and the health hazard could be severe in a heavily populated country such as India. In India, almost three-quarters of a billion people live in rural areas without access to safe drinking water and water-borne infections are a major cause of morbidity (Patil et al. 2002) . Diseases such as enteric fever and diarrhoeal diseases are highly endemic to India and are major public health problems among the children under the age of five years. The Planning Commission in its report 'India Assessment 2002 -Water Supply and Sanitation' acknowledges that mortality and morbidity levels due to water borne diseases in the country are doi: 10.2166/wh.2008.069 unacceptably high (www.cseindia.org/programme/health/ pdf/conf2006/a1water.pdf). On a global basis, around 2 million deaths per year are attributed to water-borne diseases, and especially to diarrhoea in children (Gordon et al. 2004) . Typhoid and paratyphoid fever resulting in an annual incidence of about 17 million cases world wide (Kindhauser 2003 ) and India has the highest incidence of typhoid, around three million cases each year (Anon, Typhoid, in The Hindu, February, 23, 2003) .
Faecal coliform, Escherichia coli (the predominant member of faecal coliform group) are an operationally defined grouping of enteric bacteria whose presence in natural waters is used as an indicator of recent faecal contamination, and therefore, the possible presence for pathogenic microorganisms (Rhodes & Kator 1998) , but their absence does not necessarily guarantee quality of water (Dutka 1973 (Nataro & Kaper 1998; Rodrigues et al. 2002) .
The presence of human pathogenic bacteria such as Salmonella, V. cholerae, V. parahaemolyticus, and pathogenic serotypes of E. coli has been reported from coastal areas (Venkateswaran et al. 1989; Daniels et al.2000; Hatha et al. 2004 ). Among the aquatic microflora V. cholerae and
V. parahaemolyticus are responsible for most infections by
Vibrios in developing as well as in developed countries (Faruque et al. 1998) . The occurrence of high concentrations of V. cholerae, V. parahaemolyticus, Salmonella sp and pathogenic E. coli in shellfish grown in feacally polluted water and several food borne outbreaks due to the consumption of shellfish from sewage contaminated water has also been reported (Daniels et al. 2000) . Coastal areas often provide very important recreational and economic resources (Costanza et al. 1997) , and therefore the trophic status and quality of coastal waters, the safety of shellfish and fish farming waters are a concern for many countries including India.
The region of the Vembanadu Lake where the study has been carried out is known as Kumarakom Lake, which is a lifeline for people around Kumarakom. The population in the study area is scattered in many small islands without any central facility for effective waste collection and disposal, and the Kumarakom Lake acts as major sink for all domestic and industrial waste. Also the number of people using the system for agriculture, fishing, transportation and recreation is much more than the other parts of the Vembanadu Lake. The availability of pure drinking water is very low in this region and this lake water is being used 
MATERIALS AND METHODS

Description of study area and sampling
Vembanadu Lake, an important Ramsar site, lies 0.6-2.2 m below mean sea level (MSL) along the south west coast of India (9835 0 N 76825 0 E) and has a permanent connection with the Arabian Sea at barmouth ( Figure 1 ). As the northeast monsoon recedes, the area is exposed to tidal incursion of saline water from the Arabian Sea making the ecosystem predominantly saline. In order to prevent the saline incursion from the Arabian Sea, a salt water regulator was constructed in the lake at the Kumarakom region of the Vembanadu Lake, which divides the estuary into a fresh water lake on the southern side (enclosed when the salt water regulator is closed) and a saline lagoon on the 
Bacteriological analysis
A three tube fermentation method was used to estimate faecal coliforms using EC broth (Hi-media, Bombay, India) as the medium and incubation at 44.58C for 24-48 hours. 
RESULTS AND DISCUSSION
The present study has been taken up considering the modified flow patterns of the Vembanad Lake due to the construction of a salt water regulator and public health importance as a large number of people in this region use this water body for their day to day activities which include fishing for livelihood, transportation and recreation. The High densities of faecal indicator bacteria have been sporadically reported from different coastal regions in India (Pradeep & Lakshmanperumalsamy 1986 ). Other reports also indicated relatively low levels of total viable counts (TVC) and FC at several locations along the Tamilnadu coast extending between the Pulicat Lake and the Cauvery River confluence (Venkateswaran & Natarajan 1987) in the port region of Bhavanagar (Abhay Kumar & Dube 1995) and
Visakapattanam (Clark et al. 2003) . (Nair et al. 1980) from Cochin back waters (Chandrika 1983 ) and from the offshore waters of the west coast (Pradeep & Lakshmanperumalsamy 1986; Lokabharathi et al. 1987 ) and from Visakapattanam (Clark et al. 2003) . However, the prevalence levels were lower when compared to our findings.
In the present study, the prevalence of Salmonella was significantly higher than those reported by (Hatha et al. 2004 ) from the Cochin estuary which is the northern part of the Vembanadu Lake system. However, diversity of serovars was limited. While S. newport was the predominant serovar, others included S. paratyphi A, B and C. Though Salmonella cells may enter into viable, but non-culturable state (VBNC) under conditions of stress, their presence would be a health concern especially in shell fish growing waters. The study area is well known for its shellfish resources and many people are engaged in exploiting this important fishery resource for their livelihood. While the flesh is being sold for human consumption in the local markets, the shell is treated to produce powdered calcium carbonate. In many cases the infection due to Salmonella is linked to the Since humans are the only reservoir of S. paratyphi A (Hook 1990) , the results are indicative of the contamination of this water body from human excreta. This is the first report of the isolation of these pathogenic strains of Salmonella from the Kumarakom region of Vembandu Lake.
The consistently high load of E. coli and its isolation from all the stations indicate that the water body is undergoing severe sewage pollution. Although we do not have the information about the serotypes of E. coli from the present study, we have encountered more than 40 serotypes of E. coli including potential pathogens such as enterohaemorrhagic E. coli (EHEC), enteropathogenic E. coli (EPEC), enterotoxigenic E. coli (ETEC) and uropathogenic E. coli (UPEC) in our previous studies at the Cochin estuary (Hatha et al. 2004) . We also expect such a wide diversity of E. coli serotypes including diarrhegenic strains in the present study area.
CONCLUSION
The detection and isolation of E. coli and V. parahaemolyticus, V. cholerae and Salmonella serovars from Vembanadu Lake indicates the frequent discharge of sewage containing pathogenic microorganisms into the estuary and also the extended survival of these organisms to a detectable level at higher concentrations. The survival and persistence of these bacteria in natural environments is of particular importance to public health as the population in this region is using this water body for several domestic purposes. This water body supports major fish and shellfish resources and the presence of these pathogenic bacteria is still posing a public health concern through related food borne outbreaks. The increased prevalence of indicator bacteria in the southern part of the lake may be due to the altered flow patterns due to the salt water regulator.
However, the salt water regulator does not have any significant impact on the prevalence of specific pathogens.
The results of the present investigation concluded that the hygienic quality of this water is poor and it may pose severe health risks to the population using the water for different purposes. The hygienic quality of water is of the utmost importance to society, and enforcement of legal measures to control entry of illegal point source effluents into this water body are required for good management of this vital natural resource.
